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It is generally considered that infective larvae of nematodes, which penetrate the skin, may be either ensheathed, that is, enclosed within the shed coat of the second-stage larva, or unsheathed. Strongyloides larvae are usually classified as having no sheath (Levine, 1980) . This concept seemed to be supported when observations on the penetration of newborn mouse skin by Ancylostoma caninum (which is ensheathed) revealed empty Ancylostoma sheaths on the skin surface whereas no such structures were noted when S. ratti infective larvae penetrated the skin (Zaman et al., 1980) . A number of recent observations, however, have suggested that, at least in the case of S. ratti, this differentiation may be more apparent than real. Murrell and Graham (1983) noted that antibody complexes were shed from the cuticle of free-living worms but not from the surface of parasitic larvae recovered from rats. They suggested that an important developmental change in cuticle physiology occurred during the transition of S. ratti infective larvae from a freeliving to a parasitic mode of existence, but remarked that the mechanism of such a change was unclear. Subsequently, those authors showed that S. ratti free-living infective larvae possess a negatively charged surface. Ultrastructural studies demonstrated that cationized ferritin bound to the surface and that there was a subjacent nonstaining zone. They interpreted these findings as indicating that an epicuticular surface coat was external to the outer cortex of the worm (Murrell et al., 1983). We then showed, using rats and free-living infective larvae radiolabelled with 67gallium, that the label remained on the skin, despite penetration and migration of worms, thus suggesting that infective larvae lose an outer coat during skin penetration (Grove et al., 1984). Finally, when free-living infective larvae and skinpenetrated larvae were incubated with immune sera and immune cells, cell attachment occurred in both cases, but attachment was transient with free-living worms and persistent with skin-penetrated parasites (Grove et al., 1985) . This observation again suggested that free-living larvae were able to extricate themselves from a surface coat that was invested with phagocytic cells.
We now provide electron microscopical evidence to support the hypothesis that a surface coat is lost when infective larvae penetrate the skin. of worms was placed directly into a solution of 2.5% glutaraldehyde in phosphate buffer, pH 7.2. The remainder were used to infect mice. Ten mice were anaesthetized with sodium pentobarbitone, then the abdominal surface was shaved, and 10,000 filariform larvae were applied to the skin surface of each animal. Half an hour later, 5 mice were killed by cervical dislocation and the abdominal skin was washed thoroughly with a tissue soaked in alcohol in order to remove any surface parasites. The anterior abdominal wall was then removed and homogenized in a Waring blender at high speed for 5 sec. Motile larvae were picked out individually with a pasteur pipette and then concentrated by centrifugation. Larvae were isolated from the lungs of the other 5 mice 2 days later. Skinpenetrated and lung larvae were placed directly into 2.5% glutaraldehyde in phosphate buffer, pH 7.2.
MATERIALS AND METHODS

Electron microscopy
Specimens fixed in glutaraldehyde were washed in phosphate-buffered saline 3 times and then postfixed in 1% osmium tetroxide in phosphate buffer, pH 7.2. They were then dehydrated in increasing concentrations of ethanol (50-100%), placed in propylene oxide, and then embedded in araldite. Ultrathin sections (60 nm) were cut with a diamond knife on an LKB ultramicrotome and stained with uranyl acetate and lead citrate. They were examined on a Philips 410 electron microscope.
In vitro culture
Free-living infective larvae were incubated in RPMI-1640 medium (GIBCO, Grand Island, New York) in 10% CO2 at 37 C for 3 hr, and then were observed with phase-contrast microscopy.
RESULTS
In order to stimulate loss of the surface coat artificially and observe the process by light microscopy, free-living infective larvae were incubated in medium at 37 C in the presence of carbon dioxide. When the parasites were examined very carefully under dark ground illumination, the loss of an outer coat was observed; a larva undergoing this process is shown in Figure 1 .
Confirmation of this process was sought by examining in detail, by means of electron microscopy, the cuticular surface of free-living infective larvae before skin penetration, larvae that had penetrated the skin, and larvae that had migrated to the lungs. Typical examples of larvae from these 3 stages are shown in Figure 2 . A faint but definite electron-dense layer (the surface coat) was seen on the external surface of free-living larvae (Fig. 2A) . This surface coat was about 12 nm thick and could not be resolved into surface components. In some specimens, this surface coat appeared to be peeling away from the rest of the cuticle in some regions. Beneath the surface coat is the epicuticle consisting of a dense layer, a ? N1 lighter zone, and another dense layer. The rest of the cuticle is composed of an amorphous layer, a deeper striated layer, and a basal layer adjacent to the hypodermis. The surface coat was not observed on any larvae that had penetrated the epidermis, whether they were recovered from the skin and subcutaneous tissues (Fig. 2B) , or after migration to the lungs (Fig. 2C) .
DISCUSSION
There can now be little doubt that free-living S. ratti infective larvae possess an outer coat, albeit of a much flimsier nature than is seen with many other nematodes such as trichostrongyles. Not only is this coat very thin, but it invests the larva so closely that it is not readily seen. This sheath stains lightly with osmium and appears to be identical with the epicuticular surface coat labelled with ferritin that was illustrated by Murrell et al. (1983) . The coat, seen by means of electron microscopy, does not appear to be as thick as might have been expected from observation of loss of the coat when viewed with phasecontrast microscopy. Two explanations are suggested. Only part of the surface coat may be osmiophilic and it may in reality be somewhat thicker. Alternatively, the optics of phase-contrast microscopy may have artificially exaggerated the apparent thickness of the surface coat.
Like classically ensheathed filariform larvae, S. ratti free-living larvae lose their surface coat on penetration of the epidermis. The coat clearly seen by means of electron microscopy on the free-living worm was not present on third-stage larvae recovered from either the skin or the lungs; in these worms, the epicuticle was the outermost layer of the parasite. This phenomenon is not a consequence of moulting as the third moult does not occur until the larvae reach the gastrointestinal tract after passage through the lungs (Dawkins and Grove, 1981).
These observations are satisfying in that they provide a structural basis for the phenomena described earlier, that is, the loss of immune complexes and immune cells from the surface of freeliving worms in vitro and of radiolabel from the surface of infective larvae in vivo. Furthermore, our observations on the structure of free-living infective larvae of S. ratti are in close agreement with those made with Trichinella spiralis by Lee et al. (1986) . Those authors also described a cuticle composed of a similar surface coat, a trilaminar epicuticle consisting of dense, lucent, and dense layers, an amorphous layer, a striated layer, and a basal layer. Indeed, they reported that the width of the surface coat of T. spiralis infective larvae was about 15 nm; this compares very closely with our measurement of 12 nm for S. ratti infective larvae.
We were able to artificially stimulate loss of the surface coat in vitro. It is well-recognized that exsheathment of trichostrongyle larvae can be induced by carbon dioxide at a temperature of about 37 C (Croll and Matthews, 1977). The process we observed appeared similar to that described by Lapage ( suggesting that it may contain highly sulphated mucopolysaccharides such as the proteoglycan, keratan sulphate. Furthermore, they showed that the epicuticle is extremely resistant to detergents, organic solvents, denaturing agents, proteases, uronidases, neuraminidases, and lipases. It seems likely that a function of the surface coat is to provide some degree of protection when the worms are in the external environment, for freeliving larvae are able to remain viable for up to 2 wk (Levine, 1980). In any event, the mechanical processes of skin penetration seem to be a sufficient stimulus for the larva to shed the coat. Murrell et al. (1983) have shown that the cuticle of S. ratti free-living larvae is strongly negative
